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FAILURE MCDES EFFECTS ANALYSIS {(FMEA} -- CIL HARDWARE
NUMSBER: 02-6-E03 -X

SUBSYSTEM NAME: HYDRAULICS

REVISION: 07/24i538
PART DATA
PART NAME PART HUMBER
VENDOR NAME VYENCOR MUMEER
LRL - RESERVHR, HYDRALLIC MC2E2-006Z

ARKWAN

EXTENDED DESCRIPTION OF FART UNDER ANALYSIS:
RESERVIOR, HYDRAULIC

REFERENCE DESIGNATORS:  50VG8TK4
SOVEETKS
SOVEETKE

QUANTITY OF LIKE ITEMS: 3
CNE IN EACH HYDRAULIC POWER SYSTEM

FUNCTION:

FROVIDE MEANS FOR THE COLLECTION, S3TORAGE AND DISTRIBUTION OF HYDRAULIC
FLUID,
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FAILURE MODES EFFECTS ANALYSIS FMEA -- CIL FAILLURE MODE
NUMEER: 02-5-E013-05

REVISION: 1 07:,24/38
SUBSYSTEM NAME: HYDRAULICS
LRU: RESERVOIR, HYDRALULIC CRITICALITY OF THIS
ITEM NAME: RESERYOIR, HYDRAULIC FAILURE MDDE: 1R2

FAILURE MODE:
LEAKAGE, INTERMAL, HIGH FRESSURE PLETON ANG PIZTON ROD SEALS

MISSION PHASE: o0 ON-ORBIT
oo DE-ORBIT
VEHICLEPAYLOADIKIT EFFECTIVITY: 132 COLUMBIA

1% DISCOVERY
i ATLANTIS
15 ENDEAVOUR

CAUSE:
DAMAGEDINCORRECTANCORRECTLY INSTALLED SEAL. GONTAMINATION

CRITICALITY 141 BURING INTACT ABORT DNLY? NO

REDUNDANCY SCREEN A) PASS

B) PASS

C) PASS
PASS/FAIL RATIONALE:
A
B)
Cl

~FAILURE EFFECTS -

{A) SUBSYSTEM:

LS5 OF BOOTSTRAP PRESSURE WITH CORRESPONDING LOSS OF RESERVOIR
PRESSURE [LOSS OF MAIN FUMP RESTART CAPABILITY), RESULTING IN LOSS OF ONE
HYDRAULIC SYSTEM. IF FAILURE OGCURS DURING MAIN PUMP ASGENT/ENTRY
OFERATIONS, MAIN PUMP STILL WOULD BE USED TO COMPLETE FLIGHT PHASE, BUT
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FAILURE MCODES EFFECTS ANALYSIS (FMEA} -- CIL FAILURE MODE
NUMEBER: §Z2-5-E03- 03

CAPABILITY TO RESTART MAIN PUMP WOLULD BE DCUBTFU. BUE TO LGES OF
BOGTSTRAP/RESERVOIR PRESSURE. HOWEVER. AUTOMATIL BOOTSTRAP
ACCUMULATOR RECHARGE CAPABILITY IS AVAILABLE DURING MAJORITY QF GN-DRBIT
PHASE (CIRC PUMP;.

(B} INTERFACING SUBSYSTEM(S):

WOSE WHEEL STEERING AND HYDRAULIC LANDING GEAR DEPLOYMENT CAPAEILITY
WOULD BE LOSTIF SYSTEM ONE 15 LOST. LOSE OF HYDRAULIC POWER SYSTEMS TO
FLIGHT CONTRO. SURFACES AND BRAKES.

(G MISSION:

ASCENT/ENTRY - NO EFFECT FOR FIRST FAILURE MAIN PUMP QRERATION WOULD
MAINTAIN BOOTSTRAP PRESSURE. ORBIT-ABORT DECISION (POSSIBLE EARLY MISSION
TERMINATION; OR COMMIT TO CONTINUQLIS CIRCULATION PUMP OFERATION TO
MAINTAIN PRESSURE IF POSSIBLE.

D} CREW, VEHICLE, AND ELEMENT(S):
WO EFFECT FOR FIRST FAILURE - ADEQUATE FLIGHT CONTROL CAPABILITY

(E} FUNCTIONAL CRITICALITY EFFECTS:

FOSSIBLE LOSS OF CREWNEHICLE WITH TWO FAILURES: THIS FAILURE, PLUS LOSS OF
SECOND HYDRAULIC SYSTEM. FAILURE IS NOT CRITICALITY 1 FOR S5ME INDUCED
ABORT SINGE SYSTEM WILL NOT BE LOST UNTIL PUMP START UP FOR ENTRY IS
REQUIRED.

-DISPOSITION RATICNALE-

A) DESIGN:

.EG'I?ANDARD MIL-G-5514 (GENERAL REQUIREMENTS FOR HYDRAULIC PACKINGS AND
GLAMD DESIGN) SEAL DESIGN. MATERIALS PROCESSES AND MANUFACTURING
TECHNIQUES USED BY SUPPLIER FOR 4-10, F-15 AND F-105 HYDRAULIC RESERVOIRS OF
SIMILAR DESIGN. SMALL DIAMETER SHAFT {516 DIAMETER) LIMITS "0" RING ROLL
LEAKAGE, FCHL TESTS HAVE SHOWN THAT RUNNING CIRC PUMPS ON UNASSOCIATED
SYSTEMS PROVIDE INTERSYSTEM LEAKAGE TO BUILD UP SUFFICIENT INLET PRESSURE
FOR PUMP RESTART. ALSO MAIN PUMP CAN BE STARTED UP AND RUN FOR 18 SECONDS
WITH NO INLET PRESSURE WITHOUT ANY PUMP DAMAGE.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CIL FAILURE MDDE
NUMBER: D2-§-EDJ- 05

{B) TEST:

QUALIFICATION:

+ ENDURANCE CYCLING - 5000 CYCLES AT 53 PERCENT STROKE. 50,000 AT 10
PERCENT STROKE. 14500 AT 2 PERCENT STROKE. 25 PERCENT OF EACH AT 275
CEGREES F WITH A RATE OF 1 HZ PASSIFAIL CRITERIA PASSAGE OF
PERFORMANCE RECORD TEST.

«  IMPULSE CYCLING - HIGH PRESSURE CYLINDER: 50.000 CYCLES, 3.000 - 4,50C - 3,000
PEIWITH A RATE OF 2 HZ. PASS/FAIL CRITERIA PASSAGE OF PERFORMANCE
RECORD TEST

» BURST TEST - HIGH PRESSURE CYLINDER. 7.500 PS| _OW PRESSURE CYLINDER:
320 PS). PASS/FAIL CRITERIA, NO EXTERNAL LEAKAGE OR RUPTURE.

ACCEPTAMNCE:

= EXAMIMATION OF PRODUCT - WEIGHT, WOEKMANSHIP, FIMISH, DIMENSIONS, AND
CONSTRUCTICN

a FROOF PREEZURE TEET - TESTED AT 275 DEG F AND 4,500 PSlG PRESSURE. AND 160
FSIC RETLRN PASSFAIL CRITERIA: NO EXTERNAL LEAKAGGE.

= FERFORMANCE RECOED TEST:

=  RELIEF WALVE DRERATION TEST - VERIFY CRACK FULL FLOW AMD RESEAT
PRESSURES

» |EAKAGE TEST - 25 FULL CYCLES, FRESSURE AS REQUIRED TO CYCLE
RESERWVOIR PORTS BLOCKED 3,000 PSIG TO PRESSURING CHAMBER
FPASS/FAIL CRITERIA EXTERNAL LEAKAGE FAST RESERVOIR PISTON SHALL
NOT EXCEED 1 DROP PER 25 CYCLES.

» PISTON BREAKWAY TEST - 3,000 PSIG ON HIGH FRESSLIRE PISTON
PASS/FAIL CRITERIA, PISTON SHALL MOVE WHEN RESERVOIR PRESSURE IS
INCREASEDDECREASED WITH NO GREATER THAN 4 PEID

= RESERVCOIR CLEAMLINESE TEST - CLEANLIMESS LEVEL 180 PER MADT10-301

GROLND TURNARQLIND TEST
ANMY TURNARQLIND CHECEOUT TESTING I5 ACCOMPLISHED IMN ACCORDANCE WITH
OMRED.

{C} INSPECTION:

RECENING [NSPECTION

MATERIAL CERTIFICATION 15 VERIFIED BY INSFECTION. PROCESS CERTIFICATION 15
IMPRCSED AND VERIFIED BY INSPECTION. THREE SEAL PODS PER LOT ARE 100 PERCENT
INSRECTED AND ALE DATA IS VERIFIED BY RECEIVING INSPECTION. T-TYPE SEAL 32T
CUTER AND INNER DIAMETER DIMENSIONS AND THICKNESS ARE INSPECTED AND
DOCUMENTED BY RECENING INSFECTION.

CONTAMINATIIN CONTROL
CONTAMINATION LEVEL OF 180, OR BETTER, PER MAD110-301 |5 MAINTAINED AND
VERIFIED BY INSFECTION.

CRITICAL PROCESSES
COATING PROCESS IS VERIFIED BY INSFECTION.
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FAILURE MODES EFFECTS ANALYSIS [FMEA] -- CIL FAILURE MODE
NUMBER: (02-8-E03- {5

AZSEMBLYANSTALLATION

ALL SLIPZLIFR DRAWING CHARACTERISTICS ARE VERIFIED BY INSPECTION. SEAL
INSTALLATION 1S PER DRAWING/PLANNING TICKET AND VERIFIED BY INSPECTIQN. DATA
FAK RECORIS AND ASSEMBLY PROUEDURES ARE YERIFIED BY INSPECTION.

TESTING
ATFE AND POST ATP FLUID TESTS ARE WERIFIED BY INSPECTION

HANOLING/PACKAGING
MANDLING AND PACKAGING REQUIREMENTS VERIFIED BY INSPECTION.

(D} FAILURE HISTORY;

CURRENT DATA ON TEST FAILURES. FLIGHT FAILURES. UNEXPLAINED ANOMALIES. AND
OTHER FAILURES EXPERIENCED DURING GROUND FROCESSING ACTIVMITY CAN BE
FOUND IN THE PRACA DATA BASE. THE FAILLURES HISTORY DATA PROVIDED BELOW 1S NO
LONGER BEING KEPT LP-TO-DATE.

{(ASBUB-010] {18976} GUALIFICATION - DURING THE ENDURANCE TEST OF THE HYDRAULIC
REBERYOIR, EXCESSIVE INTERNAL LEAKAGE OCCURRED AT THE BOOTSTRAP PISTON
SEAL THE EXCESSIVE LEAKAGE RESLLTED FROM RUPTURE OF THE "O" RING WHICH
WAE CAUSED BY THE SPLITTING OF THE CAF SEAL. A FLUDROCARBON OMNI-SEAL
REFLACED THE CAF SEAL OM ALL UNITS. WITH TH|S CORRECTIVE ACTION THE FAILURE
HAEZ NCT BEEN REFEATED,

{E] OPERATIONAL LISE:
RUN CIRCULATION PUMP TO ATTEMPT TO MAINTAIN BOOTSTRAR PRESSURE FOR MAIN
PUMP START UP FOR ENTRY.

-APPROVALS -

P
ECITORIALLY APPRCVED - BNA - JF v T30 HE
TECHNICAL APPROMVAL “ Vi APPROVAL FORM T 35.CILDOS_02-A
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